INTRODUCTION
============

In 2011, the prevalence of diabetes mellitus in Korea was 7.7%, which is higher than the average prevalence of 6.9% reported by the Organization for Economic Co-operation and Development (OECD) \[[@b1-kjim-2016-136]\]. During that same period, the hospitalization rate in Korea due to diabetes was 29 per 1,000 individuals, which was also higher than the average rate reported by the OECD of 23.8 per 1,000 individuals. In 2013, diabetes was ranked as the fifth leading cause of death in Korea \[[@b2-kjim-2016-136]\], and the number of diabetic patients and cost of diabetes-related medical expenses are consistently increasing \[[@b3-kjim-2016-136]\]. As of 2013, approximately 2.54 million patients with diabetes visited outpatient units for treatment, which represents a 1.98% increase from the 2.49 million patients who visited outpatient units in 2012 \[[@b4-kjim-2016-136]\]. Moreover, outpatient medical expenses totaled approximately 370 million KRW (Korean won) in 2013, which was an increase of 8.01% from the 340 million KRW spent on medical expenses in 2012.

A number of previous studies have suggested that appropriate care of patients with diabetes would significantly reduce complications related to this disease. For example, intensive glucose control reduces the risk of any cardiovascular disease (CVD) event by 42% and the risk of heart attack, stroke, or death due to CVD by 57% \[[@b5-kjim-2016-136]\]. Stratton et al. \[[@b6-kjim-2016-136]\] found that a 1% reduction in mean glycated hemoglobin (HbA1c) levels results in 21% fewer deaths, 14% fewer myocardial infarctions, and a 37% decrease in microvascular complications at the population level. Similarly, a report from the US Department of Health and Human Services indicated that improved control of levels of cholesterol or blood lipids, including high density lipoprotein cholesterol, low density lipoprotein (LDL) cholesterol, and triglycerides, reduces CVD complications by 20% to 50% \[[@b7-kjim-2016-136]\]. Furthermore, the detection and treatment of diabetic eye disease using laser therapy reduces the development of severe vision loss by an estimated 50% to 60%, while the detection and treatment of early diabetic kidney disease through the lowering of blood pressure levels attenuates the decline in kidney function by 30% to 70% \[[@b7-kjim-2016-136]\].

As a countermeasure to the continuously increasing number of patients with diabetes and the concomitant increase in medical expenses, a model for the quality assessment of diabetes treatment in Korea was developed to reduce the risk of diabetes complications and enhance the adequacy of medical expenses through improvements in the management of diabetic patients. The diabetes quality assessment (DQA) was implemented by the Health Insurance Review and Assessment Service (HIRA) of Korea in 2011 and has been ongoing since its induction. The present study aimed to identify the management statuses of domestic diabetic patients and to predict future trends in diabetes treatment by assessing the DQA indicators of diabetic patients who received treatments at a university hospital in Korea between 2009 and 2014. The data were compared and analyzed according to the demographic characteristics of the patients.

METHODS
=======

Diabetes quality assessment
---------------------------

The DQA has been implemented in all medical institutions that submit medical expense claims for diabetes as either a main or secondary disease and is administered during annual outpatient treatment visits. Medical bills claimed by healthcare providers, including diabetes as disease and the prescription of hypoglycemic agents, are used as the assessment data \[[@b4-kjim-2016-136]\]. The DQA has implemented in Korea since 2011, and all indicators identified from health insurance claims are analyzed; the assessment and monitoring indicators currently in use are described in [Table 1](#t1-kjim-2016-136){ref-type="table"}.

The assessment indicators analyzed in the present study included the following: the proportion of patients who visited a center more than once per quarter and the proportion of prescription days corresponding to continuity of treatment (COT), the proportions of duplicated prescriptions involving the same ingredient groups and prescriptions with over four ingredient groups corresponding to prescription indicators, and the proportion of patients who underwent HbA1c, lipid, and fundus tests corresponding to test indicators. High scores for the COT and test indicators suggest good diabetes management, while low scores for the prescription indicators were considered optimal \[[@b4-kjim-2016-136]\]. The monitoring indicators analyzed in the present study are as follows: the proportion of patients who underwent microalbuminuria tests corresponds to a test indicator, and the medication cost per day for prescribed hypoglycemic agents and the proportion of combined prescriptions that do not adhere to the criteria correspond to prescription indicators. All of the abovementioned variables are considered process indicators, while outcome indicators, such as the management of lifestyle and the HbA1c control \[[@b8-kjim-2016-136]\], will be phased in the near future by HIRA \[[@b9-kjim-2016-136]\].

Subjects and materials
----------------------

The Kyung Hee University Hospital implemented its own DQA indicator management system, and the assessment and monitoring indicators used in the present study were based the diabetic patients who have been treated in this hospital since 2009. The structure of the DQA indicator management system used at Kyung Hee University Hospital is presented in [Supplementary Fig. 1](#SD2){ref-type="supplementary-material"}. The indicators were classified into three primary categories: continuity, test, and prescription indicators. The proportion of patients who visited the center more than once per quarter and the proportion of prescription days are included in the continuity category; the HbA1c, lipid, fundus, and microalbuminuria tests are included in the test category; and prescriptions with more than four ingredient groups, duplicated prescriptions with the same ingredient groups, and the cost per day for prescribed hypoglycemic agents are included in the prescription category. Each indicator was classified according to patient variables such as the department of treatment, sex, age, use of insulin, and duration of use of oral hypoglycemic agents and insulin and have been categorized by year. Additionally, the electronic prescription program used to manage the outpatient care of the diabetic patients includes a notification window function that alerts physicians regarding test items for which 1 year has passed since the previous diabetes complication tests (DCTs). Using this function, the physician in charge is alerted of the tests that need to be performed for each patient ([Supplementary Fig. 2](#SD3){ref-type="supplementary-material"}).

The present study analyzed data from the DQA indicator management system of Kyung Hee University Hospital to determine differences and trends in the indicators that are likely dependent on the sex and/or age of diabetic patients, their use of insulin, and the treatment department. The cost per day of prescribed hypoglycemic agents and the proportion of combined prescriptions not adhering for the criteria, which were monitoring indicators, were excluded from this analysis.

Ethics statement
----------------

Because the present study analyzed existing data from a DQA indicator management system without registering patients or contacting new patients, investigators only viewed data that did not include any personal information identifying the patients. Thus, this study was exempted from the requirement for patient consent by the Institutional Review Board prior to commencement of the study (KMC-IRB 1605-04).

Statistical analysis
--------------------

All statistical analyses of the DQA indicator data were performed using SPSS version 18.0 (SPSS Inc., Chicago, IL, USA). Differences in the indicators according to the sex and age of the diabetic patients, their use of insulin, and the treatment department were analyzed using chisquare analyses. A *p* \< 0.05 was considered to indicate statistical significance, and a Bonferroni correction was performed for the *post hoc* analyses of the cross analysis.

RESULTS
=======

From 2009 to 2014, the DQA indicators of an annual average of 8,327 patients were assessed in the present study. There were 1.31 % more male than female patients, 22.76 % of the total patients used insulin, and most patients were between 60 and 70 years of age. Patients who were treated by an endocrinology specialist through the Department of Endocrinology (endo group) only or in conjunction with other departments (endo & others group) accounted for 60% of the total population, while 40% of patients were treated in departments other than endocrinology (others group). Patients who had been medicated for over 6 years accounted for 40% to 50% of the population ([Supplementary Table 1](#SD1){ref-type="supplementary-material"}).

DQA indicators according to sex
-------------------------------

[Tables 2](#t2-kjim-2016-136){ref-type="table"}-[](#t3-kjim-2016-136){ref-type="table"}[4](#t4-kjim-2016-136){ref-type="table"} display the assessment indicators according to sex and insulin use. In terms of COT, the proportion of patients who visited the center more than once per quarter was higher among female patients in all years, which indicates that female patients visited the outpatient unit more consistently than did male patients. The proportion of prescription days was also higher in female patients, which suggests that female patients were taking their prescribed medications more consistently than were male patients. In the prescription category, there were no sex-dependent differences.

DQA indicators according to insulin use
---------------------------------------

A significantly higher proportion of patients visited the center more than once per quarter in the insulin-tre ated group (yes) than non-insulin-treated group (no) in all years. The proportion of prescription days was calculated as the number of days in the year that oral hypoglycemic agents were prescribed and was lower in the insulin-treated than non-insulin-treated group. The proportion of prescriptions with over four ingredient groups was higher in the insulin-treated group, which likely was due to the fact that insulin is normally prescribed to patients who do not have sufficient glycemic control despite combined therapy using oral hypoglycemic agents with over three ingredient groups. On the other hand, the proportion of duplicated prescriptions with the same ingredient group was higher in the non-insulin-treated group. In the test category, the proportions of patients who underwent HbA1c, lipid, fundoscopy, and microalbuminuria tests were higher in the insulin-treated group.

DQA indicators according to age
-------------------------------

The proportion of patients who visited the center more than once per quarter was higher among patients 40 to 80 years of age ([Fig. 1A](#f1-kjim-2016-136){ref-type="fig"}), and accordingly, the proportion of prescription days was also higher in this age group ([Fig. 1B](#f1-kjim-2016-136){ref-type="fig"}). An analysis of the Korean patients included in the 2011 DQA revealed that, although the average COT (proportion of patients visiting more than once per quarter and proportion of prescription days) for all diabetic patients was over 85%, the group of patients under 40 years of age had a COT of 60% to 70% \[[@b10-kjim-2016-136]\]. This finding is consistent with the assessment results from this university that patients under 40 years of age displayed the lowest proportions of patients visiting more than once per quarter and prescription days among the three age groups.

For the test items ([Fig. 1C](#f1-kjim-2016-136){ref-type="fig"}-[1F](#f1-kjim-2016-136){ref-type="fig"}), the under 40 years age group had the lowest COT but the highest proportion of patients who underwent HbA1c, lipid, fundoscopy, and microalbuminuria tests among the three age groups. There were no statistical differences between the under 40 and 40 to 80 years age groups in terms of the proportions of HbA1c, lipid, and fundoscopy tests, but there was a difference in the proportion of microalbuminuria examinations performed. The age group over 80 years had difficulty visiting the hospital regularly and, thus, had a lower proportion of patients took the DCT. The proportion of patients who took the test significantly differed from those in the under 40 and 40 to 80 years age groups. No significant differences were observed among the age groups in the prescription category ([Fig. 1G](#f1-kjim-2016-136){ref-type="fig"} and [1H](#f1-kjim-2016-136){ref-type="fig"}).

DQA indicators according to treatment department
------------------------------------------------

The proportion of patients who visited the center more than once per quarter ([Fig. 2A](#f2-kjim-2016-136){ref-type="fig"}) was highest in the endo & others group but was not significantly differ from that in the endo group. The proportion of prescription days ([Fig. 2B](#f2-kjim-2016-136){ref-type="fig"}) was higher in the endo than endo & others group, which also included a higher proportion of patients visiting more than once per quarter. In the test category ([Fig. 2C](#f2-kjim-2016-136){ref-type="fig"} and [2D](#f2-kjim-2016-136){ref-type="fig"}), there were no differences between the endo and endo & others groups in terms of the proportion of patient who underwent the HbA1c and lipid tests, but the proportions in each of these groups significantly differed from that of the others group. Additionally, a trend analysis revealed that the changes in the proportion of tests performed after implementation of the DQA were small in those treated in the Endocrinology Department (endo and endo & others groups), where the HbA1c and lipid tests had already been conducted, while the proportions of these tests performed were increased gradually among those treated in other departments (other); from 2009 to 2014, the proportions of patients who underwent the HbA1c test were 84.6%, 87.4%, 88.9%, 89.1%, 90.05%, and 91.1%; *p* for trend \< 0.001, respectively, and who underwent the lipid test were 68.7%, 70.1%, 74.2%, 74.5%, 74.5%, 75.0%, and 73.0%; *p* for trend \< 0.001, respectively.

The proportion who underwent fundoscopy testing was highest in the endo & others group ([Fig. 2E](#f2-kjim-2016-136){ref-type="fig"}), while the proportion of microalbuminuria examinations performed was highest in the endo group ([Fig. 2F](#f2-kjim-2016-136){ref-type="fig"}). In the others group, the proportions of HbA1c, lipid profile, fundoscopy, and microalbuminuria tests performed were lower than the national average in tertiary hospitals (indicated by solid and dotted lines) as well those in the endo and endo & others groups; these differences were statistically significant. The proportion of prescriptions with over four ingredient groups and the proportion of duplicated prescriptions with the same ingredient groups both corresponded to the prescription category, in which lower scores indicated better management of diabetic patients ([Fig. 2G](#f2-kjim-2016-136){ref-type="fig"} and [2H](#f2-kjim-2016-136){ref-type="fig"}). These proportions were low in the endo group but high in the others group. In other words, patients treated by an endocrinology specialist with endocrinology- only treatment or endocrinology treatment in conjunction with other departments showed higher proportions of prescription days and of DCTs performed but lower proportions of prescriptions with the same ingredient group and prescriptions with over four ingredient groups.

DISCUSSION
==========

It has been estimated that the prevalence of diabetes among all age groups worldwide will increase from 2.8% in 2000 to 4.4% in 2030, because the total number of people with diabetes is projected to rise from 171 million to 366 million during the same period \[[@b11-kjim-2016-136]\]. This increase has clinical relevance in adults because diabetes is a primary cause of blindness \[[@b12-kjim-2016-136]\], non-traumatic lower- limb amputation \[[@b13-kjim-2016-136]\], and kidney failure that requires transplantation and dialysis \[[@b14-kjim-2016-136]\]. Therefore, prevention, early detection, and treatment of the complications of diabetes as well as glycemic control need to be considered for the management of patients with this disease.

Because the prevalence of diabetes and the resulting disease burden are rising, the interest in more effective techniques for the management of diabetes has increased. Additionally, attempts to improve the quality of diabetes care have led to high quality and guideline- driven care for every diabetic patient. Thus, an accurate assessment of the level of diabetes care necessary for each particular patient should be preceded by quality improvements in diabetes care in general \[[@b15-kjim-2016-136]\]. For this purpose, the Diabetes Quality Improvement Project (DQIP) was formed in the United States in 1997 by a coalition of private and public organizations \[[@b16-kjim-2016-136]\]. This organization developed a set of diabetes-specific performance and outcome measures that may be used as indicators or tools for the assessment of the level of care provided within a system of management for diabetic patients. In total, seven accountability measures were adopted by the DQIP \[[@b17-kjim-2016-136]\].

Similarly, the Belgian Diabetes Project Group extracted and presented 34 quality indicators for type 2 diabetes from various type 2 diabetes guidelines \[[@b8-kjim-2016-136]\]. Furthermore, the working group behind this research project distinguished process indicators, which provide an indication of the quality of the process or intervention in diabetes care, from outcome indicators, which provide an indication of the quality of the outcome of a process or intervention for diabetes care \[[@b8-kjim-2016-136]\]. The items in the Korean DQA are similar to the seven accountability measures incorporated in the DQIP and the quality indicators used by the Belgian Diabetes Project Group. As mentioned in the Introduction of the present paper, the assessment items currently in use correspond to the process indicators, and outcome indicators will be phased in the near future by HIRA \[[@b9-kjim-2016-136]\].

A previous systematic review found that the quality improvement interventions used to enhance glycemic control in patients with type 2 diabetes significantly lowered HbA1c levels by 0.42% (95% confidence interval, 0.29 to 0.54) \[[@b18-kjim-2016-136]\]. Tricco et al. \[[@b19-kjim-2016-136]\] reported the findings from their comprehensive systematic meta-analysis and a review of the quality improvement strategies used in diabetes care. In this systematic review, previous assessments \[[@b18-kjim-2016-136]\] were updated and then expanded upon by including vascular risk management, monitoring of microvascular complications, and smoking cessation as well as outcomes for HbA1c levels in patients with diabetes. The inclusion of cardiovascular outcomes and smoking cessation is important because it is being increasingly recognized that glycemic control alone is not adequate to prevent both the microvascular and macrovascular complications of diabetes \[[@b19-kjim-2016-136]\]. Especially, smoking cessation is very important in the treatment of peripheral arterial disease in diabetic patients \[[@b20-kjim-2016-136]\]. Although the Korean DQA indicators include process indicators associated with glycemic control (e.g., proportion who underwent HbA1c tests), as well as vascular risk management (e.g., proportion who underwent lipid tests) and microvascular complications (e.g., proportion who underwent fundus and microalbuminuria test), the outcomes of variables such as HbA1c, LDL, and blood pressure levels cannot be determined due to the lack of outcome indicators. Thus, future research will become necessary to investigate whether these outcomes are improving as the DQA indicators increase.

Currently, patients with diabetes in Korea receive treatment at various institutions, including tertiary hospitals, general hospitals, hospitals, long-term care hospitals, clinics, public health centers, branches of public health centers and health centers, and country hospitals. As of 2013, the number of subjects involved in the quality assessment was 1.89 million, among whom 60.7% were receiving treatment from clinics, 17.3% were receiving treatment from general hospitals, and 12.2% were receiving treatment from tertiary hospitals \[[@b4-kjim-2016-136]\]. Therefore, although the quality assessment findings of the present study, obtained from a single university hospital, may not reflect the situation of national diabetes management in Korea in its entirety, the DQA results published by the HIRA only present the differences in quality assessment indicators according to each medical institution. As a result, this study has significance in that the proposed improvements for the management of diabetes were made according to the characteristics of the patients by analyzing differences in quality assessment indicators using sex, age, use of insulin, and the department of treatment of the patients, which the HIRA data could not determine.

An analysis of the DQA data from the hospital in the present study showed that male patients had a lower COT than that of female patients, and the insulin-treated group had a higher COT than that of the non-insulin-treated group, as well as a higher rate of taking the DCT. In terms of age, those 40 to 80 years of age accounted for the majority of visiting patients and had the highest COT, while those under 40 years had a low COT but a high rate of taking the DCT. Given that a longer duration of diabetes leads to a higher likelihood of complications \[[@b21-kjim-2016-136]\], it is important to perform the DCT on young patients.

An analysis of the DQA data according to treatment department revealed higher proportions of performance of HbA1c, lipid and microalbuminuria tests among the test indicators in the endo group, and lower proportions of patients who underwent lipid, fundoscopy, and microalbuminuria tests in the others group (who did not receive treatment from endocrinology specialists) than the national average from upper institutions. This group also displayed lower proportions for the test indicators, except for the HbA1c test, and higher proportions for the prescription indicators, including prescriptions with over four ingredient groups and duplicated prescriptions with the same ingredient groups.

It is considered that medical staff in our endocrinology department showed higher proportions of performance for the test indicators than the national average through the compliance with national diabetes care guidelines, continuous patient training, the establishment of own DQA indicator management system, and the 1 year notification after the performance of a test in the test indicators.

These results suggest that endocrinologists tend to combine the prevention and management of diabetes complications with measures for glycemic control, while physicians in other departments tend to only manage diabetes-related concerns, with a focus on glycemic control. This indicates that the prescription of oral hypoglycemic agents with fewer side effects and higher patient compliance and efficacy is the domain of endocrinologists.

Based on the present findings, it is necessary to determine methods to enhance the COT for male patients and patients under the age of 40 years as well as to develop measures that can maintain a high DCT rate in insulin-treated patients and patients under 40 years of age. Additionally, methods that can invigorate a joint treatment system between physicians and endocrinologists to combine glycemic control with the management of diabetes complications are needed. In terms of this joint treatment system, cooperation between endocrinologists and primary healthcare institutions in local communities needs to be considered beyond communication between these departments within large general hospitals. The potential benefits of diabetes management in this type of cooperative system have already been identified by a number of previous studies \[[@b22-kjim-2016-136]\], but the management of diabetes in a primary care institution could still be improved by endocrinologist-supported interventions aimed at providers. Additionally, it may be important to partner generalists with diabetes specialists to enhance diabetes management in primary care settings \[[@b23-kjim-2016-136]\].

Because 60.7% of the subjects in the present quality assessment were patients from clinics, and only 47.2% of all clinics in Korea underwent quality assessment as of 2013, it can be assumed that a substantial number of diabetic patients in Korea receive treatment from clinic-level primary healthcare institutions. While these clinics receive the highest numbers of patients who visit more than once per quarter (92.6%) among all medical institutions, they administer fewer tests compared with the national average but are associated with more prescriptions with over four ingredient groups and duplicated prescriptions with the same ingredient group \[[@b4-kjim-2016-136]\]. Therefore, if the abovementioned joint treatment system is reinvigorated in tertiary hospitals that treat diabetic patients, then patients who have difficulties attending outpatient treatment at tertiary hospitals can undergo DCTs and receive prescriptions of hypoglycemic agents from endocrinologists at tertiary hospitals while still receiving treatment at a nearby clinic with good access. This would be expected to improve COT and will likely result in improved management of diabetes at the national level.

KEY MESSAGE
===========

1\. The prevention, early detection, and treatment of the complications of diabetes as well as glycemic control need to be considered for the management of diabetes.

2\. Endocrinologists tend to combine the prevention and management of diabetes complications with measures for glycemic control.

3\. The effective management of diabetes likely entails systematic joint treatment regimens that involve an endocrinologist.
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Supplementary Materials
=======================

###### 

Annual numbers and percentages of the study patients classified by sex, use of insulin, age, treatment department, and duration of medication

###### 

The diabetes quality assessment indicator management system at Kyung Hee University Hospital. This system consists of three primary categories of indicators: continuity, test, and prescription. Each indicator is distinguished by the treatment department, sex, age, use of insulin, and duration of the administration of oral hypoglycemic agents and insulin. The total number of subjects, number of subjects who meet the indicator, and the formula for calculating the indicators are shown. HbA1c, glycated hemoglobin.

###### 

The diabetes treatment appropriateness management notification system of Kyung Hee University Hospital. This system is an electronic prescription program used when prescribing medications and examinations for diabetic patients in an outpatient setting. A test notification function was added to this system; it notifies physicians of the timing of prescriptions for the diabetes complication tests through a notification window, 1 year after the HbA1c, lipid, fundus, and microalbuminuria tests.

![Differences in the annual diabetes quality assessment indicators according to age group. (A) Proportion of patients visiting more than once per quarter and (B) proportion of prescription days. Proportions of patients who underwent the (C) glycated hemoglobin (HbA1c), (D) lipid, (E) fundoscopy, and (F) microalbuminuria tests. (G) Proportion of prescriptions with over four ingredient groups and (H) the proportion of duplicated prescriptions with the same ingredient group (solid and dotted lines indicate the mean values of the diabetes indicators at tertiary hospitals and clinics in 2013 and tertiary hospitals in 2011, respectively. Because the microalbuminuria test was introduced in 2013, there are no 2011 data). All data were analyzed using the chi-square test, and post hoc analyses were performed using Bonferroni's correction. T, tertiary hospitals; P, primary care institution (clinic). ^a^Statistically significant differences (\< 40 years vs. 40 to 80 years, *p* \< 0.05/3), ^b^Statistically significant differences (40 to 80 years vs. \> 80 years, *p* \< 0.05/3), ^c^Statistically significant differences (\< 40 years vs. \> 80 years, *p* \< 0.05/3).](kjim-2016-136f1){#f1-kjim-2016-136}

![Differences in the annual diabetes quality assessment indicators according to the treatment department. (A) Proportion of patients visiting more than once per quarter. This indicator was the highest (B) Proportion of prescription days. Proportions of patients who underwent the (C) glycated hemoglobin (HbA1c), (D) lipid, (E) fundoscopy and (F) microalbuminuria tests. (G) Proportion of prescriptions with over four ingredient groups and (H) the proportion of prescriptions with the same ingredient group (solid and dotted lines indicate the mean values of the diabetes indicators at tertiary hospitals and clinics in 2013 and tertiary hospitals in 2011, respectively. Because the microalbuminuria test was introduced in 2013, there are no 2011 data). All data were analyzed using the chi-square test, and *post hoc* analyses were performed using Bonferroni's correction. T, tertiary hospitals; P, primary care institution (clinic). ^a^Statistically significant differences (endo vs. endo & others, *p* \< 0.05/3), ^b^Statistically significant differences (endo & others vs. others, *p* \< 0.05/3), ^c^Statistically significant differences (endo vs. others, *p* \< 0.05/3).](kjim-2016-136f2){#f2-kjim-2016-136}

###### 

Names, definitions, and formulas of the diabetes quality assessment indicators (yearly measurements)

  Type                                                                          Area                                                                       Indicator name                                                      Calculation formula                                                                                                                                                                                                                                   
  ----------------------------------------------------------------------------- -------------------------------------------------------------------------- ------------------------------------------------------------------- ------------------------------------------------------------------------ ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------
  Assessment indicators                                                         Continuity of treatment                                                    Outpatient visit                                                    Proportion of patients who visited more than once per quarter            No. of patients who visited more than once per quarter                                                                                                                       × 100
  No. of subjects for diabetes quality assessment                                                                                                                                                                                                                                                                                                                                                                                                                                    
                                                                                                                                                           Continuity of prescription                                          Proportion of prescription days                                          $\left( {\overset{n}{\sum\limits_{i = 1}^{(no.~of~patients)}}\frac{Total~prescription~days~in~the~assessment~year}{Total~days~of~the~assessment~year}} \right) \times 100$   
                                                                                Prescription                                                                                                                                   Proportion of duplicated prescriptions with the same ingredient groups   No. of duplicated prescriptions with the same ingredient group                                                                                                               × 100
                                                                                Total no. of prescriptions of hypoglycemic agents                                                                                                                                                                                                                                                                                                                                                    
                                                                                                                                                           Proportion of prescriptions with over four ingredient groups        No. of prescriptions with over four ingredient groups                    × 100                                                                                                                                                                        
                                                                                Total no. of prescriptions of hypoglycemic agents                                                                                                                                                                                                                                                                                                                                                    
                                                                                Test^[a](#tfn1-kjim-2016-136){ref-type="table-fn"}^                                                                                            Proportion who underwent HbA1c testing                                   No. of patients who underwent HbA1c test                                                                                                                                     × 100
                                                                                                                                                           No. of subjects for diabetes quality assessment                                                                                                                                                                                                                                                                           
                                                                                                                                                                                                                               Proportion who underwent lipid testing                                   No. of patients who underwent lipid test                                                                                                                                     × 100
                                                                                                                                                           No. of subjects for diabetes quality assessment                                                                                                                                                                                                                                                                           
                                                                                                                                                                                                                               Proportion who underwent the fundus exam                                 No. of patients who underwent fundus examination                                                                                                                             × 100
                                                                                                                                                           No. of subjects for diabetes quality assessment                                                                                                                                                                                                                                                                           
  Monitoring indicators                                                         Test                                                                                                                                           Implementation rate of microalbuminuria testing                          No. of patients who underwent microalbuminuria test                                                                                                                          × 100
  No. of subjects for diabetes quality assessment                                                                                                                                                                                                                                                                                                                                                                                                                                    
  Prescription                                                                                                                                             Medication cost per day of prescribed hypoglycemic agents           Total medication cost of prescribed hypoglycemic agents                  × 100                                                                                                                                                                        
  Total prescription days of hypoglycemic agents                                                                                                                                                                                                                                                                                                                                                                                                                                     
                                                                                Proportion of combined prescriptions that do not adhere for the criteria   No. of combined prescriptions that do not adhere for the criteria   × 100                                                                                                                                                                                                                                                 
  No. of prescriptions with over two ingredient groups of hypoglycemic agents                                                                                                                                                                                                                                                                                                                                                                                                        

HbA1c, glycated hemoglobin.

Calculated including tests (inpatient and outpatient) implemented in other healthcare institutions in the year of assessment (however, for 2 years including previous year of assessment for fundus exam).

###### 

Diabetes quality assessment indicators according to sex and use of insulin (continuity of treatment)

  Year   Quarterly visit   Proportion of prescriptions per day                                                                              
  ------ ----------------- ------------------------------------- ---------- ------ ------ ---------- ------ ------ ---------- ------ ------ ----------
  2009   78.7              82.4                                  \< 0.001   85.4   79.0   \< 0.001   84.6   85.4   \< 0.001   78.7   86.5   \< 0.001
  2010   80.0              82.2                                  0.012      84.6   80.0   \< 0.001   85.9   85.2   \< 0.001   79.6   87.0   \< 0.001
  2011   74.3              78.7                                  \< 0.001   85.0   73.9   \< 0.001   87.5   88.2   \< 0.001   83.1   88.9   \< 0.001
  2012   74.7              77.8                                  \< 0.001   82.6   74.3   \< 0.001   86.9   86.9   0.909      79.7   88.6   \< 0.001
  2013   75.5              78.9                                  \< 0.001   84.5   75.1   \< 0.001   88.3   87.8   \< 0.001   83.4   89.1   \< 0.001
  2014   74.7              78.5                                  \< 0.001   82.5   75.0   \< 0.001   86.1   87.1   \< 0.001   82.6   87.4   \< 0.001

Statistics were analyzed using a chi-square test.

###### 

Diabetes quality assessment indicators according to sex and use of insulin (prescription)

  Year   Over four ingredient groups   Same ingredient groups                                                                              
  ------ ----------------------------- ------------------------ ---------- ------ ------ ---------- ------ ------ ---------- ------ ------ ----------
  2009   1.17                          1.08                     0.371      2.51   0.58   \< 0.001   0.20   0.04   \< 0.001   0.02   0.16   \< 0.001
  2010   1.21                          1.01                     0.032      1.96   0.79   \< 0.001   0.15   0.06   0.004      0.02   0.14   0.001
  2011   0.45                          0.42                     0.560      0.73   0.33   \< 0.001   0.10   0.06   0.102      0.03   0.10   0.021
  2012   0.52                          0.35                     0.006      0.89   0.26   \< 0.001   0.14   0.07   0.019      0.02   0.13   0.002
  2013   0.79                          0.68                     0.189      1.88   0.36   \< 0.001   0.11   0.10   0.664      0.00   0.14   \< 0.001
  2014   1.18                          0.74                     \< 0.001   2.14   0.59   \< 0.001   0.15   0.11   0.292      0.03   0.17   0.001

Statistics were analyzed using a chi-square test.

###### 

Diabetes quality assessment indicators according to use of insulin (test)

  Year   HbA1c   Lipid   Fundoscopy   Microalbumin                                                            
  ------ ------- ------- ------------ -------------- ------ ---------- ------ ------ ---------- ------ ------ ----------
  2009   97.2    91.9    \< 0.001     84.7           80.2   \< 0.001   49.0   27.0   \< 0.001   43.0   28.6   \< 0.001
  2010   97.4    93.5    \< 0.001     84.3           81.8   0.012      47.3   27.9   \< 0.001   41.6   27.5   \< 0.001
  2011   97.6    94.5    \< 0.001     88.7           85.4   \< 0.001   64.5   40.5   \< 0.001   72.1   48.2   \< 0.001
  2012   98.0    94.3    \< 0.001     89.7           85.9   \< 0.001   52.7   31.2   \< 0.001   78.6   53.5   \< 0.001
  2013   98.1    94.6    \< 0.001     87.0           84.0   0.001      53.9   32.9   \< 0.001   71.4   47.7   \< 0.001
  2014   98.4    95.2    \< 0.001     83.2           82.9   0.732      58.4   36.1   \< 0.001   70.8   47.1   \< 0.001

Statistics were analyzed using a chi-square test.

HbA1c, glycated hemoglobin.
